There is considerable concern about the impact plastic materials have on the environment due to their durability and resistance to degradation. The use of pro-oxidant additives in the polymer films could be a viable way to decrease the harmful effects of these discarded materials. In this study, films of PHBV/PP-co-PE (80/20 w/w) and PHBV/PP-co-PE/add (80/19/1 w/w/w) (with pro-oxidant additive) were employed to verify the influence of the additive on the biodegradation of these films in the soil. These films were obtained by melting the pellets in a press at 180 °C which were buried in soil columns for 3 and 6 months. Some samples were also heated before being buried in soil. The biodegradation is higher for the additive blend buried for 3 months than for the pre-heated blend. After 6 months the blend buried and heated/buried was completely degraded in soil. The effect of the additive, on chain oxidation, is more time-dependant than heat-dependant.
Introduction
The increasing use of polymers by our society has resulted in a large quantities of discarded plastic materials in landfills [1, 2] . The polymers are employed as raw material to produce different products, such as soft drink bottles, supermarket bags, wall paints, toys, kitchenware, pipes, car dashboards, freezers, tables and many types of daily use items [3] . The inappropriate disposal of these materials is a cause for concern due to the following main characteristics: they are resistant to microbial degradation due to their hydrophobicity and high molecular weight [4] [5] [6] . To reduce the impacts of these recalcitrant materials in the environment, researchers are investigating some alternatives, as for example, the production of more degradable polymers, such as the biodegradable and oxo-biodegradable polymers which are less damaging to the environment and production blends composed of synthetic and biodegradable polymers [6, 7] . Oxo-biodegradable polymers are synthetic polymers mixed with organic salts (stearate, carbamate) of metals such as cobalt, manganese, iron, etc [8] . These substances cause polymer chain scission in smaller fragments rich in oxygen groups, leading to a decrease in molecular weight and these chains used as carbon source by the microorganisms. According to Scott [9] , the oxo-biodegradable polymers undergo a two-step degradation process: abiotic -chemical degradation accelerated by a catalyst, biotic-degradation using microorganisms, which assimilate the oxidation products.
The principle of oxo-biodegradable polymers is based on the addition of functional chemical groups to the polymer chain, which enables the material to disintegrate, facilitating the subsequent microbial biodegradation process [10, 11] .
Another alternative to minimize the damage caused by plastic disposal is implementing pre-treatment methods as UV radiation and heat to facilitate the microbial adhesion in the biodegradation process [12, 13] .
The most widely used synthetic polymers are polyolefins: PP, PE, which when discarded in the environment have long term durability. These polymers can be mixed (blended) with a biodegradable polymer as poly(hydroxybutirate) (PHB) or poly(hydroxybutirate)-co-valerate (PHBV) and with pro-oxidant additives to make the material more degradable.
PP and PE are mechanically resistant, non biodegradable thermoplastic resins, widely used in different applications and produce large volumes of waste because of their resistance to microbial attack. These polymers are susceptible to UV light, oxidation and temperature [14] . Notwithstanding these limitations, they are economically viable cause produce a copolymer of PP and PE (PP-co-PE) [8, 15] , a new material with more flexibility, processability and tenacity [16] .
The interest on polymer blends has grown recently due to the fact these materials match different properties originating new materials with good mechanical, chemical and thermal properties. Moreover, the cost to produce blends is less than the cost to produce new polymers [17] [18] [19] [20] . In this work we used the blend PHBV/PP-co-PE (80:20 w/w), with a biodegradable and the synthetic copolymer, respectively.
Carashi et al. [19] describe PHB as a natural polymer, produced by some types of bacteria in adequate culture media, and with good resistance to water steam and storage stability for shelf life of at least four years. It is a semi-crystalline polymer, very brittle, and this characteristic is improved when the PHBV copolymer is used [20] .
According to the American Society of Tests and Materials (ASTM) [21] and the International Organization of Normalization (ISO) [22] degradation is an irreversible process that results in the structural modification of the polymer, which causes the loss of basic properties. This process is directly influenced by the environmental conditions, such as pH, temperature, humidity, sun light and microbial composition [23] , besides the material structure, its surface area and morphology [24] . Biodegradation involves the microorganisms using the polymer as the sole carbon source, which then generate biofilm on the polymer surface, containing water and extracellular polymer substances that cause damage and scission of the macromolecular chain in simple molecules [25] . If the biodegradation is complete -mineralization -these simple molecules degrade in CO 2, water and cellular biomass, in aerobic conditions or CO 2 , CH 4 and biomass in anaerobic environment [26] . The breaking of polymeric bonds is related to the enzyme activity of the microorganisms in two ways: outside or inside of cells, i.e., exo or endo-biodegradation, respectively, or through a combination of these two ways [26] . The two processes are mediated by enzymes: the hydrolases and oxidases. The first process can break down the polymers by adding water molecules in the polymer chains, and the second one inserts oxygen (peroxide groups) in the chains which are also broken down [20, 27] .
Biodegradation depends on the polymer composition, molecular weight, crystallinity, presence of functional groups, type of microorganisms [27] [28] [29] , therefore there are differences in the degradation stages that different polymers undergo: PHBV, PP/PE and polymers containing pro-oxidant additives:
➢ PHBV: this polymer contains hydrophilic groups able to interact with water molecules. The hydrolases convert the polymer into carboxyl acid, whereas the extracellular degradation produces 3-hydroxybutirate and 3-hydroxyvalerate molecules, which are metabolized inside cells, producing carbon dioxide and water [28] .
➢ PP/PE: These polymers are considered inert due to their hydrophobic characteristics such as high molecular weight and lack of functional groups to facilitate the microbial attack [25] .
➢ Additive polymer: the oxi-biodegradable plastics undergo two degradation stages, abiotic and biotic. In the first stage there is a reduction in molecular weight by the oxidation chains, creating carboxylic acids, alcohols and ketones. This stage allows the second step: the chains become more hydrophilic favoring extracellular enzyme activity and subsequent breakdown of polymer chains [30, 31] .
Thus, the objective of this work is to investigate the biodegradation of poly(hydroxybutyrate-co-hidroxyvalerate) (PHBV) blended with polypropylene-co-polyethylene (PP-co-PE), with and without a pro-oxidant additive, through biotreatment in soil columns, using weight loss, scanning electronic microscopy (SEM), Fourier transform infrared (FTIR) and X-ray diffraction (XRD). There are different factors that affect biodegradability and to the best of our knowledge, there are a few papers that address biodegradation of PHBV blended with PP-co-PE, with and without a pro-oxidant additive. The effect of the additive depends on the biodegradation period and not on the heat pre-treatment.
Materials and Methods

Materials
PHBV with 6.2% of HV and Mϖ650.000 -was supplied by PHB Industrial SA, g/mol. PP-co-PE Mw 220.000 g/mol was supplied by Braskem. The pro-oxidant additive was supplied by RES Brazil LTDA, stated as manganese dithiocarbamate, impregnated in polyethylene matrix.
Methods
Films preparation
The blends PHBV/PP-co-PE (80/20w/w) and PHBV/PP-co-PE/add (80/19/1 w/w/w) with pro-oxidant additive were prepared using an internal mixer (Haake Torque Rheometer), 50 rpm, 180 °C for 5 minutes. The blend composition chosen was to investigate how the synthetic copolymer (lower quantity) influences the material degradation. The materials were pressed at 170 °C under 71.3 kgfcm -2 for 3 min to produce films of 5 cm diameter and 80-100 μm thickness. The films (in duplicate) were sterilized before being placed in soil columns, with 2% solution of sodium hypochlorite.
Treatments
Heat
The films were heated in a vacuum oven (Marconi -MA 030), at 100 °C, for 40 h. The heat treatment was applied for 5 h/day. The films were slowly cooled down inside the oven. Next, they were buried in soil columns.
Buried-soil columns
The soil columns were built using 1.5 L of PET bottles with small holes to aerate the soil during the experiment. The the bottle was partially filled with soil, 12 cm at the bottom of the bottle covered with the film, then more soil, 8 cm, was placed over the film (Figure 1 ). The soil used was collected from the campus of Rio Claro, SP, Brazil, rich in humus, without litter and leaves, sieved with a 2 mm mesh, and initially adjusted to have 60% of humidity [32] . The humidity was maintained by a water recipient placed under the bottle, allowing the water to rise through capillarity, described by Campos et al. [33] and shown in Figure 1 . The columns were kept at room temperature for 3 months and 6 months (March and November /2012). 
Characterization of the polymers
Weight loss
The weight loss was evaluated by the difference in mass before and after the biotreatment, weighed on an analytical balance, CHYO, model JK200.
Fourier Transform Infrared (FTIR)
The original (before biological treatment) and biotreated films were analyzed by a Shimadzu IR Prestige 21 FTIR spectrometer, 16 scans with 4 cm -1 resolution, and range of 4000 to 400 cm -1 . To compare the spectra before and after the soil treatment, each blend spectrum was normalized by the internal standard at 1460 cm -1 , assigned to vibration of the CH 2 groups, because this band does not change during the biodegradation process.
X-Ray Diffraction (XRD)
The samples were analyzed by XRD in a Shimadzu LABX-XRD 6000 diffractometer, operating at 30 kV, 30 mA and CuKα (λ 1.5406 Å). The assays were performed at 25 °C, with 2ϴ angles at 10 and 35° (2º/min). Some samples were completely deteriorated after the biodegradation and were not measured.
The crystallinity degrees (Xc) were calculated by the ratio of the crystalline peak and the total area (crystalline + amorphous peaks), using the peak deconvolution method with Origin 7.5 software, using Gauss function to define the shape of the peaks, after the baseline correction.
Scanning Electron Microscopy (SEM)
SEM was used to investigate the surface morphology of the polymer in order to elucidate the material properties of polymers and behavior of some processes such as: thermal, photo-degradation and biodegradation [34] .
The polymer films before and after the heat and microbial treatments were analyzed by a scanning electron microscope -Zeiss DSM 940-A, using acceleration voltage of 5 kV (ESALQ/USP -Piracicaba, SP).
Results and Discussions
After 3 and 6 months the PHBV/PP-co-PE films with and without additive were analyzed to verify morphological and structural changes, using the methods cited above.
There was a significant weight loss in the blends, which was higher in the PHBV/PP-co-PE/Add blend ( Table 1) . The additive (pro-oxidant), favored the chains scission and biodegradation, but the presence of PHBV was also more significant to biodegradation.
After 6 months, the blends with additive were not found in the soil columns, just some small pieces of the blend without additive, thus the weight loss was considered to be 100%.
FTIR measurements compare the spectra of the films before and after the heat and soil treatment (Figure 2) . These spectra were normalized by an internal standard band (here called A 0 ) at 1460 cm -1 (assigned to the PHBV CH 2 deformation, as this band does not change after treatment) and deconvolution applied by the Lorentzian function to adjust the curves and isolate each band with the corresponding area, from the overlapping bands, increasing the spectrum resolution [35] . Table 2 shows a comparison of carbonyl indices in the amorphous and crystalline phases from the original and treated spectra, which were calculated by the areas ratio: A C=O /A 0 bands. In the PHBV/ PP-co-PE blend there was a significant decrease in C=O indices, in both phases: amorphous and crystalline (51% and 57%, respectively), emphasizing that the blend with additive underwent more degradation (83% and 92%, respectively), when compared with the neat samples. In the heated and buried samples there was a synergistic effect in the amorphous phase and the decrease in the C=O was 81%. Considering the two subsequent treatments, heat/buried, the additive samples showed the heat effect on the chain structure, before the soil treatment. These results showed that the action of the oxidant additive in the soil biodegradation process was very efficient, more efficient than the heat/buried degradation, leading to a greater scission of polymer chains, especially in the crystalline phase. This fact suggests that the less ordered valerate chains of the PHBV located at the edge of the PHB crystal nucleus favors the microbial action, as in the model proposed by Yoshie [36] . Sadi et al. [37] observed that PHB samples exposed to UV radiation caused several changes in the material, such as scission and crosslinking reactions. An initial delay in the biodegradation was also observed, which was related to a thin superficial layer with higher crystallinity of the samples exposed to UV radiation. However, this did not completely inhibit PHB decomposition and as this layer was consumed there was an improvement in the biodegradation due to the fact that the degraded molecules located underneath this layer did not reorganize themselves into crystals.
The PHBV/ PP-co-PE blends buried for 6 months were measured using the FTIR technique (using very small pieces) and the graphics (in Figure 2 ) showed that the remaining parts in the samples were principally constituted by the synthetic copolymer, thus the PHBV was almost completely consumed (Figure 2a, b) . PHBV/ PP-co-PE and PHBV/ PP-co-PE/add (heat/buried) were not found in the soil. In this period the additive blend buried in the soil also disappeared. These samples were considered totally biodegraded. Table 3 shows the crystallinity degrees (Xc) of the polymer films before and after the heat treatment and Figure 3a , b displays the diffractograms. The heat treatment caused a crystallinity increase of the blend (4%) and additive blend (12%), causing the annealing. Comparing these two blends, the crystallinity increased more in the additive blend than in the blend without additive, due to the fact that more chains break and reorganize. PP-co-PE blend films after heat/microbial treatment were not measured by XRD because they were too deteriorated. Figure 4 shows the micrographs of PHBV/ PP-co-PE and PHBV/ PP-co-PE/add. These figures clearly show biodegradation on the surface of the samples, without and with additive, such as microbial adhesion and surface delamination of PHBV. The morphological changes in the blends with additive seem to be greater than in those without additive, according to the visual aspect of these damaged samples. 
Conclusions
The PHBV/PP-co-PE blend heat/buried in soil for 3 months underwent significant degradation. In the buried additive blend the biodegradation was higher, i.e., the additive assisted the oxidation chains.
The PHBV/PP-co-PE blend heat/buried was completely degraded after 6 months. Moreover, the buried additive blend was mineralized in the soil. The action mechanism of the additive was not heat-dependant, showing that time was more influential.
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